SPECIFICATION 



TITLE OF THE INVENTION 

POWER TRANSMISSION SYSTEM OF ENGINE 

5 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a power transmission 
system of an engine mounted on an all terrain vehicle such as 
a buggy. 

10 

BACKGROUND OF THE INVENTION 

A rough terrain vehicle or an all-terrain vehicle which 
is also called a buggy is a four-wheel off-road vehicle for 
one person and is used as a recreational vehicle for hunting 

15 and trail touring and is also used as a practical vehicle for 
agriculture. A power transmission system for transmitting the 
engine power of such an all-terrain vehicle to driving wheels 
has a crankshaft driven by the engine and a belt type 
continuously variable transmission to which the rotation of 

20 the crankshaft is applied via a centrifugal clutch. A 
forward/backward switching mechanism for switching the 
rotation of a secondary shaft to a forward direction and a 
backward direction is provided between the secondary shaft of 
the continuously variable transmission and the driving wheels. 

25 The primary shaft and the secondary shaft of the continuously . 
variable transmission and the crankshaft extend in a direction 
of width of a vehicle body. Then, an output shaft arranged 
parallel to the secondary shaft and coupled to the secondary 
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shaft via the forward/backward switching mechanism also 
extends in the direction of width of the vehicle body. 

Therefore, as shown in Japanese Patent Application 
Laid-open Nos. 10-297294, 2002-68070 and 11-151947 in a 
5 conventional all-terrain vehicle, the rotation of the output 
shaft is transmitted to a drive shaft extending in the 
direction in which the vehicle body travels via a bevel gear 
and the engine power is transmitted to the driving wheels via 
this drive shaft. 

10 It is because the distance between an axle coupled to 

the driving wheels arid an output shaft is very large that the 
rotation of the output shaft coupled to the secondary shaft 
via the forward/backward switching mechanism is transmitted to 
the drive shaft via the bevel gear. In a case where the 

15 rotation of the output shaft is transmitted to the drive shaft 
via a bevel gear mechanism and where the rotation of the drive 
shaft is transmitted to the axle via a bevel gear mechanism, 
not only the manufacturing cost of the power transmission 
system is increased but also power transmission efficiency is 

20 reduced. 

Moreover, in the conventional power transmission system 
of an all-terrain vehicle, the crankshaft and the primary 
shaft are concentrically arranged and a centrifugal clutch is 
arranged between the crankshaft and the primary shaft, so the 
25 power transmission system is increased in size in a direction 
of vehicle width. When the crankshaft, the primary shaft and 
the centrifugal clutch are concentrically arranged in this 
manner, a shaft length including the crankshaft and the 
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primary shaft arranged concentrically with the crankshaft via 
the centrifugal clutch is elongated and hence the power 
transmission system for transmitting the engine power to 
driving wheels is elongated in size in a direction of width of 
5 the vehicle. When the power transmission system is elongated 
in size in a direction of width of the vehicle, the rider 
needs not only to drive the vehicle with his crotch widely 
opened when he drives the vehicle but also to open his crotch 
widely when he rides on and off the vehicle. Hence, the 
10 arrangement of the power transmission system of the 

conventional all-terrain vehicle raises a problem that the 
vehicle is hard to ride. 

SUMMARY OF THE INVENTION 

15 An object of the present invention is to eliminate the 

need for providing a chain and a drive shaft and to enhance 
power efficiency by transmitting power to an axle arranged 
parallel to an output shaft via a gear train. 

Another object of the present invention is to reduce 

20 the manufacturing cost of a power transmission system. 

A power transmission system of an engine in accordance 
with the present invention is characterized in that a power 
transmission system of an engine for transmitting engine power 
to a driving wheel, the power transmission system comprising: 

25 a crankshaft driven by an engine, the crankshaft being 

arranged in a vehicle body in a widthwise direction of the 
vehicle body; a primary shaft which is provided with a primary 
pulley having a variable groove width and to which the 
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rotation of the crankshaft is applied; a secondary shaft 
provided with a secondary pulley, the secondary pulley being 
coupled to the primary pulley via a belt and having a variable 
groove width; an output shaft arranged in parallel to the 
5 secondary shaft and coupled to the secondary shaft via a 

forward/backward switching mechanism; and an axle coupled to 
the output shaft via a gear train and coupled to the driving 
wheel; wherein the engine power is transmitted to the axle 
from the output shaft parallel to the axle. 

10 The power transmission system of an engine in 

accordance with the present invention is characterized of 
further comprising a sub-shaft which is arranged parallel to 
the crankshaft and to which the rotation of the crankshaft is 
transmitted via a rotation transmitting member, wherein the 

15 primary shaft is concentrically arranged on the sub-shaft. 
The power transmission system of an engine in 
accordance with the present invention is characterized in that 
the driving wheel is a rear wheel. Further, the power 
transmission system of an engine in accordance with the 

20 present invention is characterized of further comprising a 

front wheel driving shaft coupled to the axle via a gear train, 
wherein the front wheel driving shaft is coupled to the front 
wheel. 

In the power transmission system of an engine in 
25 accordance with the present invention, 

the output shaft which is provided parallel to the 
secondary shaft of the continuously variable transmission and 
coupled to the secondary shaft via the forward/backward 
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switching mechanism is coupled to the axle coupled to the 
driving wheels and arranged parallel to the output shaft via 
the gear train and the engine power is transmitted from the 
output shaft arranged parallel to the axle to the driving 
5 wheels. Hence, it is not required to transmit the engine 
power to the driving wheels by the use of the bevel gear 
mechanism via the drive shaft pointing in the direction in 
which the vehicle travels. This can reduce the manufacturing 
cost of the power transmission system. In addition, the 

10 crankshaft is arranged parallel to the primary shaft and the 
sub-shaft which is arranged parallel to the crankshaft and to 
which the rotation of the crankshaft is transmitted by the 
rotation transmitting members is arranged concentrically with 
the primary shaft. With this, the power transmission system 

15 can be reduced in size in the direction of vehicle width and 
hence the rider can easily ride on or off the vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing one example of an 
20 all-terrain vehicle; 

FIG. 2 is a schematic view showing a power transmission 
system mounted in the all-terrain vehicle shown in FIG. 1; 

FIG. 3 is a cross sectional view along a line A - A in 
FIG. 2; 

25 FIG. 4 is a cross sectional view along a line B - B in 

FIG. 3; and 

FIG. 5 is a cross sectional view along a line C - C in 
FIG. 3. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The preferred embodiment of the present invention will 
be described in detail with reference to the drawings. FIG. 1 
5 is a perspective view showing one example of a rough terrain 
vehicle or an all-terrain vehicle (ATV) which is also called a 
buggy. A vehicle body 1 is provided with front wheels 2a, 2b 
and rear wheels 3a, 3b and a saddle type seat 4 is provided in 
the center of the vehicle body 1. A rider sitting on the seat 

10 4 operates a handlebar 5 to drive the vehicle 1. 

FIG. 2 is a schematic view showing a power transmission 
system mounted on the all-terrain vehicle shown in FIG. 1. 
FIG. 3 is a cross sectional view along a line A-A in FIG. 2. 
As shown in FIG. 2, a crankshaft 12 is rotatably mounted in a 

15 crankcase 11. The crankcase 11 has a case body 11a for 

supporting one end side of the crankshaft 12 rotatably via a 
bearing and a case body lib that supports the other end side 
of the crankshaft 12 via a bearing and is combined with the 
case body 11a. The case body 11a is provided with an oil pump 

20 10 and the rotor of this oil pump 10 is driven by the 
crankshaft 12 and the sliding portion of the power 
transmission system is supplied with lubricating oil through 
an oil passage (not shown) . 

The crankcase 11 is mounted with an engine 13 and the 

25 engine 13 is mounted in the vehicle body 1 such that the 

crankshaft 12 extends in the direction of vehicle width. The 
engine 13 has a cylinder 14 fixed to the crankcase 11 and a 
cylinder head 15 fixed to' the top of this cylinder 14. This 

( 



engine 13 is a single-cylinder air-cooled engine and the 
cylinder 14 and the cylinder head 15 are provided with heat 
radiation fins 16. 

As shown in FIG. 3, a piston 17 is put in a cylinder 
5 bore formed in the cylinder 14 in such a way as to freely 

reciprocate. A connecting rod 19 is coupled to a crank pin 18 
fixed to the crankshaft 12 at an eccentric position with 
respect to its rotary center and the piston 17. Then, the 
crankshaft 12 is rotated by the engine 13. An intake port 20a 

10 opening to a combustion chamber is formed in the cylinder head 
15 and an intake valve 21 for opening or closing this intake 
port 20a is mounted on the cylinder head 15. Then, an exhaust 
port 20b opening to the combustion chamber is formed in the 
cylinder head 15 and an exhaust valve 22 for opening or. 

15 closing this exhaust port 20b is mounted on the cylinder head 
15. 

A camshaft 23, as shown in FIG. 3, is rotatably mounted 
on the cylinder head 15. A rocker arm 25a for opening or 
closing the intake valve 21 and a rocker arm 25b for opening 

20 or closing the exhaust valve 22 are mounted on a rocker arm 
shaft 24 provided parallel to the camshaft 23 in such a way 
that they can freely turn. A chain (not shown) is looped 
between a sprocket (not shown) fixed to the camshaft 23 and a 
sprocket 12a fixed to the crankshaft 12 as shown in FIG. 2. 

25 Then, the intake valve 21 and the exhaust valve 22 are opened 
or closed at predetermined timings by the rotation of the 
crankshaft 12 via the camshaft 23 and the rocker arms 25a, 25b. 
Balancer shafts 26a, 26b are rotatably mounted on the 
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crankcase 11 via bearings. Then, the balancer shafts 26a, 2 6b 
are integrally provided with balancer weights 27a, 27b, 
respectively. Gears 28a, 28b each provided on the balancer 
shafts 26a, 26b, as shown in FIG. 2, are engaged with a gear 
5 29 provided on the crankshaft 12 and rotational variations of 
the crankshaft 12 are absorbed by the balancers 27a, 27b. 
However, it is also recommended that two balancer shafts 26a, 
26b are not provided but only one balance shaft is provided. 
Here, in FIG. 2 is shown one balancer shaft 26a of the two 

10 balancer shafts. 

A sub-shaft 31, as shown in FIG. 2, is rotatably 
mounted parallel to the crankshaft 12 in the crankcase 11. An 
engine assembly 30 is constructed of the engine 13, the 
crankcase 11 mounted with the engine 13, the crankshaft and 

15 the sub-shaft 31 which are mounted in the crankcase 11, and 
the like. A gear 32 mounted on the sub-shaft 31 is engaged 
with a gear 33. mounted on the crankshaft 12 and the sub-shaft 
31 is rotated when the crankshaft 12 rotates. These gears 32, 
33 construct rotation transmitting members for transmitting 

20 the rotation of the crankshaft 12 to the sub-shaft 31 and are 
arranged outside the crankcase 11. Then, a generator case 34 
is mounted on the case body lib of the crankcase 11 in such a 
way as to cover these gears 32, 33. 

A generator 35 is mounted in the generator case 34. The 

25 generator 35 has an outer rotor 37 provided with a magnet 36 

and mounted on the crankshaft 12 and a stator 39 provided with 
a coil 38 and mounted on the generator case 34. Hence, when 
the engine 13 is operated to rotate the crankshaft 12, 
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electric power generated by the generator 35 is charged into a 
battery (not shown) . 

In order to start the engine 13, a starter motor 41 is 
mounted in the generator case 34 and the rotation of the 
5 starter motor 41 is transmitted to the crankshaft 12 via gears 
42a, 42b. In order to start the engine 13 by hand at a time 
when the amount of electric power charged in the battery is 
too small to start the engine 13, a recoil starter 44 is 
mounted on a recoil cover 43 mounted on the generator case 34. 

10 The recoil starter 44 has a recoil pulley 4 6 around which a 

recoil rope 45 is wound and which is rotatably mounted in the 
recoil cover 43. Then, when a recoil knob 45a fixed to the 
end of the recoil rope 4 6 is pulled to rotate the recoil 
pulley 4 6, an engaging member is engaged with a recoil drum 47 

15 mounted on the sub-shaft 31 to rotate the crankshaft 12 via 

the sub-shaft 31, whereby the engine 13 can be started also by 
hand. A spring force in a direction to wind the recoil rope 
45 around the recoil pulley 4 6 is applied to the recoil pulley 
4 6 by a spring (not shown) . 

20 As shown in FIG. 2, a centrifugal clutch 4 8 is mounted 

on the sub-shaft 31. This centrifugal clutch 48 has a clutch 
drum 4 9 rotatably mounted in the crankcase 11 and a rotary 
disk 51 fixed to the sub-shaft 31. A plurality of arc-shaped 
clutch shoes 53 are turnably mounted on the rotary disk 51 

25 with a pin 52, respectively. A spring force in a direction 
away from the inner peripheral surface of the clutch drum 4 9 
is applied to the clutch shoes 53 by a spring 54. Hence, when 
the sub-shaft 31 is rotated by the crankshaft 12 at the number 
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of revolutions more than a predetermined number, the clutch 
shoes 53 are engaged with the inner peripheral surface of the 
clutch drum 4 9 to rotate the clutch drum 4 9 integrally with 
the sub-shaft 31. 
5 A transmission case 55 is mounted on the crankcase 11. 

The transmission case 55 has a case body 55a fixed to the 
crankcase 11 and a case body 55b fixed to the case body 55a 
and has a continuously variable transmission 57 mounted 
therein. The continuously variable transmission 57, that is, 

10 CVT is a belt type continuously variable transmission and has 
a primary shaft 58 rotatably mounted on the transmission case 
55 via a bearing. The primary shaft 58 is concentric with the 
sub-shaft 31 and is coupled to the clutch drum 49 of the 
centrifugal clutch 48. In addition, a secondary shaft 59 is 

15 rotatably mounted parallel to the primary shaft 58 on the 
transmission case 55 via a bearing. 

A transmission assembly 60 is constructed of the 
transmission case 55 mounted on the crankcase 11 with bolts 
and members such as the primary shaft 58 and the secondary 

20 shaft 59 which are mounted in the transmission case 55. In 
this manner, the transmission case 55 is fixed to the 
crankcase 11 with bolts. Hence, the transmission case 55 is 
separated from the crankcase 11, so that the engine assembly 
30 and the transmission assembly 60 are independent assemblies. 

25 Therefore, it is possible to use the transmission assembly 60 
as it is and to mount an engine assembly of the other type 
such as water-cooled engine in place of the air-cooled engine 
13 shown in FIG. 3 on the transmission assembly 60. In this 
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manner, an engine assembly of a different type can be mounted 
on a transmission assembly 60 of the same kind, so various 
kinds of power transmission systems can be manufactured with a 
small number of parts. Similarly, a transmission assembly of 
5 a different type can be also mounted on the engine assembly 30 
of the same kind. 

The primary shaft 58 has a fixed sheave 62a shaped into 
a conical surface 61a and a movable sheave 62a shaped into a 
•conical surface 61b and opposed to the fixed sheave 62a. The 

10 fixed sheave 62a is fixed to the primary shaft 58 and the 
movable sheave 62b is mounted on a spline formed on the 
primary shaft 58 in such a way as to freely move in an axial 
direction. These sheaves 62a, 62b form a primary pulley 62 
having a variable groove width. On the other hand, the 

15 secondary shaft 59 has a fixed sheave 64a shaped into a 

conical surface 63a and a movable sheave 64a shaped into a 
conical surface 63b and opposed to the fixed sheave 64a. The 
fixed sheave 64a is fixed to the secondary shaft 59 and the 
movable sheave 64b is mounted on a. spline formed on the 

20 secondary shaft 59 in such a way as to freely move in an axial 
direction. These sheaves 64a, 64b form a secondary pulley 64 
having a variable groove width. 

A V-belt made of rubber is looped over the primary 
pulley 62 and the secondary pulley 64 . When the diameter of a 

25 loop of the V-belt 65 looped over the primary pulley 62 and 
the diameter of a loop of the V-belt 65 looped over the 
secondary pulley 64 are changed, the rotation of the primary 
shaft 58 is continuously varied in a transmission gear ratio 
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and is transmitted to the secondary shaft 59. A plurality of 
cylindrical centrifugal weights, for example, six centrifugal 
weights 66 are mounted on the moving sheave 62b of the primary 
pulley 62 in a direction perpendicular to the rotary axis of 
5 the primary shaft 58. Then, a cam surface 67 is formed on the 
moving sheave 62 in correspondence with the centrifugal 
weights 66 on a surface opposite to the conical surface 61b 
and the outside portion of the cam surface 67 in a radial 
direction of the moving sheave 62b expands out toward the end 

10 of the primary shaft 58. A cam plate 68 is fixed to the 

primary shaft 58 in such a way as to oppose the cam surface 67 
and the outside portion in a radial direction of the cam plate 
68 is slanted in such a way as to be closer to the cam surface 
67 . On the other hand, in order to add a force for fastening 

15 the V-belt 65 to the moving sheave 64b, a spring rest 69 is 

fixed to the secondary shaft 59 and a compression coil spring 
70 is mounted between the spring rest 69 and the moving sheave 
64b. 

Hence, when the number of revolutions of the primary 
20 shaft 58 is increased in a state where the number of 

revolutions of the crankshaft 12 is increased to the number of 
revolutions more than a predetermined number to bring the sub- 
shaft 31 to a state in which it is fastened to the primary 
shaft, the centrifugal weights 66 are moved to the outside in 
25 the radial direction by centrifugal forces applied thereto to 
narrow the groove width of the primary pulley 62 to increase 
the diameter of a loop of the V-belt 65 looped over this 
primary pulley 62. With this, the groove width of the 
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secondary pulley 64 is widened against the spring force to 
decrease the diameter of a loop of the V-belt 65 looped over 
the secondary pulley 64 to vary the transmission gear ratio of 
the continuously variable transmission 57 to a higher speed 
5 side. 

As described above, in this power transmission system, 
the crankshaft 12 is not concentric with but parallel to the 
primary shaft 58 and an assembly from the crankshaft 12 to the 
secondary shaft 59 which is the output shaft of the 

10 continuously variable transmission 57 has a three-axis 

structure and the centrifugal clutch 48 is provided between 
the primary shaft 58 and the sub-shaft 31 which is concentric 
with the primary shaft 58. Since the assembly from the 
crankshaft 12 to the secondary shaft 59 of the continuously 

15 variable transmission 57 has the three-axis structure in this 
manner, the power transmission system can be reduced in size 
in the direction of vehicle width to make a rider ride on or 
off the saddle type seat 4 with ease. 

As shown in FIG. 2, a gear case 71 is mounted on the 

20 transmission case 55 and the end portions of the secondary 

shaft 59 are supported via bearings by the gear case 71. In 
addition, an output shaft 72 is rotatably mounted parallel to 
the secondary shaft 59 on the case body 55a of the 
transmission case 55 and the gear case 71 via bearings and an 

25 axle 73 is rotatably mounted parallel to the output shaft 72. 

The secondary shaft 59 is integrally mounted with a 
gear 74 for forward rotation and the gear 74 is always engaged 
with a gear 75 rotatably mounted on the output shaft 72. In 



- 13 - 



addition, the secondary shaft 59 is integrally mounted with a 
sprocket 76 for backward rotation. A chain 78 is looped over 
. the sprocket 7 6 and a sprocket 77 rotatably mounted on the 
output shaft 72. The axle 73 is directly coupled to the rear 
5 wheels 3a, 3b shown in FIG. 1 and a gear 79 fixed to the 

output shaft 72 is always engaged with a gear 80 fixed to the 
axle 73 to form a gear train. The rotation of the output 
shaft 72 is directly transmitted to the axle 73 via the gear 
train, whereby the rear wheels 3a 3b of the driving wheels are 

10 driven by the axle 73. In this manner, engine power applied 
to the output shaft 72 is transmitted to the axle 73 via the 
gear train without using a chain or a shaft. Therefore, the 
power transmission system can be reduced in size and its 
manufacturing cost can be reduced. 

15 While the axle 73 is coupled to the rear wheels 3a, 3b, 

in a case where not only the rear wheels 3a, 3b but also the 
front wheels 2a, 2b are driven, as shown in FIG. 3, a front 
wheel driving shaft 82 provided with a gear 81 engaged with 
the gear 80 is rotatably supported by the transmission case 55 

20 and the gear case 71. The driving shaft 82 is provided with a 
bevel gear 83 and a front wheel driving shaft 85 provided with 
a bevel gear 84 engaged with the bevel gear 83 is rotatably 
supported by a support member 86 and the support member 86 is 
mounted on the case body 55a and the gear case 71. 

25 When the rotation of the secondary shaft 59 is 

transmitted to the output shaft 72 via the gears 74, 75, the 
output shaft 72 is driven in a forward direction, and when the 
rotation of the secondary shaft 59 is transmitted to the 
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output shaft 72 via the sprockets 76, 11 and the chain 78, the 
output shaft 72 is driven in a backward direction. In order 
to switch the rotational direction of the output shaft 72 to 
the forward direction and the backward direction, the output 
5 shaft 72 is provided with a forward/backward switching 
mechanism 90. 

The forward/backward switching mechanism 90 , as shown 
in FIG. 2, has a pair of switching disks 87a, 87b each engaged 
with the spline formed on the output shaft 72. These 

10 switching disks 87a, 87b are mounted on the output shaft 72 in 
such a way as to slide freely in an axial direction. One 
switching disk 87a is provided with engaging teeth 87c to be 
engaged with engaging teeth 75a provided on the side surface 
of the gear 75. In addition, the other switching disk 87b is 

15 provided with engaging teeth 87d to be engaged with engaging 
teeth 77a provided on the side surface of the sprocket 77. 
Therefore, when the switching disks 87a, 87b are moved toward 
the gear 75 to engage the engaging teeth 75a with the engaging 
teeth 87c, the rotation of the secondary shaft 59 becomes 

20 forward rotation and is transmitted to the axle 73 to move 
forward the vehicle. On the other hand, when the switching 
disks 87a, 87b are moved toward the sprocket 77 to engage the 
engaging teeth 77a with the engaging teeth 87d, the rotation 
of the secondary shaft 59 is changed into backward rotation 

25 via the sprockets 76, 77 and the chain 78 and is transmitted 
to the axle 73 to move backward the vehicle. Then, as shown 
in FIG. 2, when the switching disks 87a, 87b are moved to a 
neutral position where the switching disks 87a, 87b are not 
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engaged with any engaging teeth, the rotation of the secondary 
shaft 59 is not transmitted to the axle 73. 

The output shaft 72 is further mounted with a pair of 
switching disks 88a, 88b each engaging with the spline formed 
5 on the output shaft 72 in such a way as to slide freely in the 
axial direction. One switching disk 88a is provided with 
engaging teeth 88c to be engaged with engaging teeth 71a 
provided on the gear case 71. Hence, when the engaging teeth 
88c of the switching disk 88a is engaged with the engaging 

10 teeth 71a, the output shaft 72 is fastened to the gear case 71, 
thereby being prevented from rotating. On the other hand, as 
shown in FIG. 2, when the engaging teeth 88c of the switching 
disk 88a is disengaged from the engaging teeth 71a, the output 
shaft 72 is brought into a state where it can freely rotate. 

15 FIG. 4 is a cross sectional view along a line B-B in 

FIG. 3. FIG. 5 is a cross sectional view along a line C-C in 
FIG. 3. As shown in FIG. 3, a turning shaft 91 turnably 
mounted on a cover 71b fixed to the gear case 71 is mounted 
with a switching plate 89 for moving the switching disks 87a 

20 to 88b in the axial direction along the output shaft 72. As 
shown in FIG. 5, the two switching disks 87a, 87b are 
rotatably received in a switching holder 92 and the two 
switching disks 88a, 88b are rotatably received in a switching 
holder 93 and both of the switching holders 92, 93, as shown 

25 in FIG. 3, are slidably fitted on a guide rod 94 fixed to the 
gear case 71. 

In the switching plate 89, as shown in FIG. 4, are 
formed a cam groove 95a with which an engaging pin 92a 
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provided in the switching holder 92 is engaged and a cam 
groove 95b with which an engaging pin 93a provided in the 
switching holder 93 is engaged. The turning shaft 91, as 
shown in FIG. 3, is mounted with an operating link 96 and, as 
5 shown in FIG. 1, a switching lever 6 provided in the vehicle 
is coupled to the operating link 96. When the rider operates 
the switching lever 6, the switching plate 89 is turned via 
the operating link 96. When the operating link 8 9 is turned, 
the two pairs of switching disks 87a to 88b are guided by the 

10 guide rod 94, thereby being slid along the output shaft 72. 

FIG. 4 and FIG. 5 show the position of the switching 
plate 89 in a state where the switching lever 6 is operated to 
a neutral position, that is, an N-position. When the 
switching plate 8 9 is operated by the switching leer 6 to a 

15 forward position, that is, to an F-position, the engaging 
teeth 87c of the switching disk 87a are engaged with the 
engaging teeth 75a of the gear 75. On the other hand, the 
switching plate 89 is operated by the switching leer 6 to a 
retracted position, that is, to an R-position, the engaging 

20 teeth 87d of the switching disk 87b are engaged with the 

engaging teeth 77a of the sprocket 77. When the switching 
plate 89 is operated to a neutral position, that is, to an Im- 
position, the switching disks 87a, 87b are brought into a 
neutral position, as shown in FIG. 5. Then, when the 

25 switching plate 8 9 is operated to a parking position, that is, 
to a P-position, the switching disks 87a, 87b are brought into 
the same position as the neutral position. 

When the switching plate 89 is operated to the P- 
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position, the engaging teeth 88c of the switching disk 88a is 
engaged with the engaging teeth 71a of the gear case 71, and 
when the switching plate 89 is operated to the N-position, the 
F-position and the R-position, the engaging teeth 88c of the 
5 switching disk 88a are brought to a position where they are 

disengaged from the engaging teeth 71a. As shown in FIG. 5, a 
spring 97a for applying a spring force in a direction to 
separate the switching disks 87a, 87b from each other is 
mounted between the two switching disks 87a, 87b to damp 

10 switching shock. Similarly, a spring 97b is mounted also 
between the switching disks 88a, 88b. 

In order to cool the primary pulley 62, the secondary 
pulley 64 and the V-belt 65 that construct the continuously 
variable transmission system 57, outside air is supplied into 

15 the transmission case 55. For this purpose, the crankcase 11, 
as shown in FIG. 2 and FIG. 3, is provided with an intake duct 
50a and the transmission case 55 is provided an exhaust duct 
50c. The outside air flowing through the intake duct 50a 
flows into the transmission case 55 and then is discharged 

20 outside from the exhaust duct 50c. In order to produce 

cooling wind in the transmission case 55, a fan blade 98 is 
mounted in a manner extending in the radial direction on the 
back surface of the fixed sheave 62a of the primary pulley 62 
and fan blades 99a, 99b are mounted in a manner extending in 

25 the radial direction on the back surfaces of the respective 
sheaves 64a, 64b of the secondary pulley 64. 

In order to brake the running vehicle, as shown in FIG. 
2, the output shaft 72 is mounted with a bake disk 100 and the 
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gear case 71 is provided with a brake holder 101 for 
activating a brake pad (not shown) to be put into contact with 
the brake disk 100, When a brake lever mounted on the 
handlebar 5 is operated, the brake pad is put into contact 
5 with the brake disk 100 to apply a braking force to the output 
shaft 72. 

In the power transmission system described above, when 
the engine 13 is started by the starter motor 41 to rotate the 
crankshaft 12, the sub-shaft 31 mounted parallel to the 

10 crankshaft 12 in the crankcase 11 is driven by the crankshaft 
12 via the gears 32 , 33 as rotation transmitting members. 
When the number of rotations of the sub-shaft 31 becomes 
larger than a predetermined number, the sub-shaft 31 is 
directly coupled to the primary shaft 58 via the centrifugal 

15 clutch 4 8 to rotate the primary pulley 62. When the primary 

pulley 62 is rotated, the rotation of the primary pulley 62 is 
transmitted to the secondary pulley 64 via the V-belt 65. 
With this, the rotation of the secondary shaft 59 is 
transmitted to the output shaft 72. 
.20 When the driver operates the switching lever 6 shown in 

FIG. 1 to engage the engaging teeth 87c of the switching disk 
87a with the engaging teeth 7 5a of the gear 75, the rotation 
of the secondary shaft 59 is transmitted to the output shaft 
72 via the gears 74, 75 in such a way as to rotate the output 

25 shaft 72 in the forward direction, whereby the vehicle is 

moved forward. On the other hand, when the driver operates 
the switching lever 6 shown in FIG. 1 to engage the engaging 
teeth 87d of the switching disk 87b with the engaging teeth 
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77a of the sprocket 77, the rotation of the secondary shaft 59 
is transmitted to the output shaft 72 via the sprockets 76, 77 
and the chain 78 in such a way as to rotate the output shaft 
72 in the backward direction, whereby the vehicle is moved 
5 backward. When the continuously variable transmission 57 is 
rotated as in the cases where the vehicle is moved forward or 
backward, the cooling wind is produced in the transmission 
case 55 to cool the V-belt 65 made of rubber and the pulleys 
62, 64. 

10 When the switching disks 87a, 87b are operated to a 

state where their engaging teeth are not engaged with any 
engaging teeth, the power transmission system brought into a 
neutral state where the rotation of the secondary shaft 59 is 
not transmitted to the output shaft 72. Further, when the 

15 switching lever 6 is operated to the parking position, the 

engaging teeth 88c of the switching disk 88a are engaged with 
the engaging teeth 71a to bring the output shaft 72 into a 
state where the output shaft 72 is fastened to the gear case 
71. 

.20 As described above, this power transmission system has 

the three-axis structure in which the crankshaft 12 and the 
primary shaft 58 and the secondary shaft 59 of the 
continuously variable transmission 57 are arranged parallel to 
each other and can transmit the rotation of the crankshaft 12 

25 to the primary shaft 58 via the sub-shaft 31 concentric with 
the primary shaft 58. Hence, this power transmission system 
can be reduced in size in a direction of vehicle width. 
Further, the three-axis structure makes it possible to support 
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the axle 73 by the transmission case 55 and the gear case 71 
and to drive the driving wheels 3a, 3b directly by the axle 73 
coupled to the output shaft 72 by the gears 79, 80. Still 
further, in this power transmission system, the engine 
5 assembly 30 mounted in the crankcase 11 is independent of the 
transmission assembly 60 mounted in the transmission case 55, 
so the engine assembly. 60 of the same kind can be mounted with 
a different kind of engine. 

It should be understood that the present invention is 

10 not limited to the preferred embodiment described above but 
can be variously modified within the spirit and scope of the. 
present invention. For example, as shown in FIG. 3, in this 
power transmission system, the front wheels 2a, 2b and the 
rear wheels 3a, 3b are driven. However, it is also 

15 recommended that the front wheel driving shaft 82 be not 
provided but only the rear wheels 3a, 3b be driven. 

According to the present invention, the output shaft 
coupled to the secondary shaft via the forward/backward 
switching mechanism is coupled to the axle coupled to the 

20 driving wheels and arranged parallel to the output shaft via 
the gear train and the engine power is transmitted from the 
output shaft arranged parallel to the axle to the driving 
wheels. Hence, it is not required to transmit the engine 
power to the driving wheels by the use of the bevel gear 

25 mechanism via the drive shaft pointing in the direction in 

which the vehicle travels. This can reduce the manufacturing 
cost of the power transmission system. In addition, the 
crankshaft is arranged parallel to the primary shaft and the 
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sub-shaft which is arranged parallel to the crankshaft and to 
which the rotation of the crankshaft is transmitted by the 
rotation transmitting members is arranged concentrically with 
the primary shaft. With this, the power transmission system 
5 can be reduced in size in the direction of vehicle width and 
hence the rider can easily ride on or off the vehicle. 

The entire disclosure of Japanese Patent Application No. 
2003-82240 filed on March 25, 2003 including specification, 
claims, drawings and summary is incorporated herein by 
10 reference in its entirety. 
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